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(57) ABSTRACT

A semiconductor device includes a semiconductor layer, gate
electrodes, an insulating film, source electrodes, and drain
electrodes which are provided on the semiconductor layer.
Each of the source electrodes and the drain electrodes are
spaced in the insulating film from a corresponding gate elec-
trode, such that one end thereof is in contact with the semi-
conductor layer and the other end thereof is exposed. Further,
the semiconductor device includes first field plate electrodes,
each of which is provided on a corresponding gate electrode
and the insulating film, and second field plate electrodes, each
of which is provided on the insulating film between a corre-
sponding first field plate electrode and a corresponding drain
electrode. Furthermore, the thickness of the insulating film
between each first field plate electrode and the semiconductor
layer is smaller than the thickness of the insulating film
between each second field plate electrode and the semicon-
ductor layer.
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1
POWER SEMICONDUCTOR DEVICE WITH
DUAL FIELD PLATE ARRANGEMENT AND
METHOD OF MAKING

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2014-052181,
filed Mar. 14, 2014, the entire contents of which are incorpo-
rated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor device.

BACKGROUND

Semiconductor devices using nitride semiconductors or
silicon carbide (SiC) as base materials are receiving attention.
The reason is that these materials have band gaps that are
larger than that of silicon, and thus may be used to achieve
semiconductor devices with higher breakdown voltages than
silicon based devices. However, although the breakdown
voltage of the material is high, if the dielectric breakdown
voltage of an electrode and surrounding dielectric structure
provided on the corresponding material is low, it is impossible
to take advantage of the material. For this reason, an electrode
structure appropriate for a wide-band gap semiconductor is
required.

DESCRIPTION OF THE DRAWINGS

FIG. 1is a cross-sectional view schematically illustrating a
semiconductor device according to an embodiment.

FIG. 2 is a plan view schematically illustrating the semi-
conductor device according to the embodiment.

FIG. 3 is a cross-sectional view schematically illustrating a
semiconductor device according to a modification of the
embodiment.

FIGS. 4A to 4C are cross-sectional views schematically
illustrating processes of manufacturing the semiconductor
device according to the embodiment, respectively.

FIGS. 5A and 5B are cross-sectional views schematically
illustrating the manufacturing processes subsequent to those
of FIGS. 4A to 4C, respectively.

FIG. 6 is a cross-sectional view schematically illustrating
the manufacturing process subsequent to that of FIG. 5B.

DETAILED DESCRIPTION

Embodiments provide a semiconductor device having an
electrode structure which has a high breakdown voltage and is
easy to manufacture.

In general, according to one embodiment, a semiconductor
device includes: a semiconductor layer; gate electrodes that
are provided on the semiconductor layer; an insulating film
that covers the semiconductor layer and the gate electrodes,
and has a first surface positioned on the semiconductor layer
side thereof and a second surface positioned on the opposite
side to the first surface thereof; and source electrodes and
drain electrodes that are provided in the insulating film. Each
source electrode is provided at a position spaced from a
corresponding gate electrode on the semiconductor layer,
such that one end thereof is in contact with the semiconductor
layer and the other end thereof is exposed at the second
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surface side of the insulating film. Each drain electrode is
provided at a position spaced farther from a gate electrode
corresponding thereto than the source electrode correspond-
ing to that same gate electrode, in a direction from the source
electrode toward the gate electrode, such that one end is in
contact with the semiconductor layer and the other end is
exposed. Further, the semiconductor device includes first
field plate electrodes, each of which is provided on a corre-
sponding gate electrode, and second field plate electrodes,
each of which is provided on the insulating film so as to be
positioned between a corresponding first field plate electrode
and a corresponding drain electrode. Each first field plate
electrode includes a first portion that is in contact with a
corresponding drain electrode, and a second portion that is
provided on the insulating film so as to be positioned between
the first portion and a corresponding drain electrode. Further,
the thickness of the insulating film between each first field
plate electrode and the semiconductor layer is smaller than
the thickness of the insulating film between each second field
plate electrode and the semiconductor layer.

Hereinafter, an embodiment will be described with refer-
ence to the accompanying drawings. Identical features
depicted in the drawing Figures are denoted by the same
reference symbols and detailed descriptions thereof may be
appropriately omitted, and different features in different
drawing Figures will be described. Also, the drawings are
schematic or conceptual, and the relation between the thick-
ness and width of features depicted, the size ratio of features
and the like are not necessarily the same as those in an actual
device. Further, the same features may be shown with difter-
ent dimensions or ratios depending on the drawings. In the
following description, the location of each physical feature
may be described using the X-axis direction, Y-axis direction,
and Z-axis direction of an orthogonal coordinate system
shown in the drawings. Also, the Z-axis direction may be
referred to as an upper side, and the opposite direction to the
Z-axis direction may be referred to as a lower side.

FIG. 11is a cross-sectional view schematically illustrating a
semiconductor device 1 according to an embodiment.

FIG. 2 is a plan view schematically illustrating the semi-
conductor device 1 according to the embodiment.

FIG. 2 is a plan view schematically illustrating the top
surface of the semiconductor device 1. FIG. 1 illustrates a unit
cell of the semiconductor device 1 as a portion of a cross
section taken along a line A-A shown in FIG. 2.

The semiconductor device 1 is, for example, an electric
power control field effect transistor (FET) using a nitride
semiconductor as a material.

The semiconductor device 1 includes a semiconductor
layer 10, and gate electrodes 20, source electrodes 60, and
drain electrodes 70 which are provided on the semiconductor
layer 10. Further, the semiconductor device 1 includes an
insulating film. 30 which covers the semiconductor layer 10
and portions of the gate electrodes 20. Here, it will be under-
stood that when an element is referred to as “covering”
another element, it may be directly on the other element or
may be on the other element with one or more other elements
interposed therebetween.

The insulating film 30 has a first surface 30a which is
located on the semiconductor layer (10) side thereof, and a
second surface 305 which is positioned on the opposite side to
the first surface 30a.

The source electrodes 60 are provided on the semiconduc-
tor layer 10 at positions spaced from the locations of the gate
electrodes 20 on the semiconductor layer 10. Each source
electrode 60 is provided in the insulating film 30 such that one
end thereof is in contact with the semiconductor layer 10, and
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the other end thereofis exposed at or above the second surface
(305) side of the insulating film 30.

Each drain electrode 70 is provided in the insulating film 30
such that one end thereof is in contact with the semiconductor
layer 10 and the other end thereof is exposed at or above the
second surface (306) side of the insulating film 30. The drain
electrode 70 is spaced in the X direction along the surface of
the semiconductor layer 10 and in the insulating film 30, to
one side of the gate electrode 20 correspondingly functioning
therewith, and the source electrode is spaced in the X direc-
tion along the surface of the semiconductor layer 10 and in the
insulating film 30 from the other side of the gate electrode 20
correspondingly functioning therewith, and the distance
(width of the insulating film 30) between the source electrode
60 and gate electrode 30 is less than the distance (width of the
insulating film 30) between the drain electrode 70 and gate
electrode 20.

The semiconductor device 1 further includes first field
plate electrodes (hereinafter, referred to as the FP electrodes
40) which are provided on the gate electrodes 20 and extend
therefrom through the insulating film 30, and second field
plate electrodes (hereinafter, referred to as the FP electrodes
50) which are provided on the insulating film 30.

Each FP electrode 40 includes a first portion 41 which is in
contact with a corresponding gate electrode 20, and a second
portion 43 which is provided on the insulating film 30. The
second portion 43 extends from the location of the gate elec-
trode 20 in the direction of, but spaced from the drain elec-
trode 70 by, the insulating film 30 and acts as a field plate.
That is, each FP electrode 40 is a portion of a gate wiring for
supplying a gate bias to a corresponding gate electrodes 20,
and also act as a field plate.

Each FP electrode 50 is provided between a corresponding
FP electrode 40 and a corresponding drain electrode 70, on
the second surface 305 of the insulating film 30. Further, the
thickness T, of the insulating film 30 between the second
portion 43 of each FP electrode 40 and the semiconductor
layer 10 is smaller than the thickness T, of the insulating film
30 between the FP electrode 50 and the semiconductor layer
10.

Subsequently, the structure of the semiconductor device 1
will be described in detail with reference to FIG. 1.

For example, the semiconductor layer 10 includes a first
semiconductor layer 13, a second semiconductor layer 15
which is provided on the first semiconductor layer 13, and a
third semiconductor layer 17 which is provided on the second
semiconductor layer 15.

The first semiconductor layer 13 is, for example, a high-
resistance or semi-insulating gallium nitride (GaN) layer. The
first semiconductor layer 13 may be a p-type GaN layer.

The second semiconductor layer 15 is a so-called channel
layer, and is, for example, an n-type GaN layer.

The third semiconductor layer 17 is a so-called barrier
layer, and is, for example, an n-type AlGaN layer.

The semiconductor layer 10 includes insulating regions 19
for electrically isolating unit cells from one another. In each
unit cell, insulating regions 19 are provided on the outer sides
than the source electrode 60 and the drain electrode 70. The
insulating regions 19 are provided, for example, with a depth
which reaches from the top surface ofthe third semiconductor
layer 17 into the first semiconductor layer 13, such that a
trench comprised of the insulating region surrounds a source
60, a drain 70 and a gate 40 located therebetween.

In this example, a gate insulating film 21 is provided on the
third semiconductor layer 17, and on the gate electrodes 20
are located on the gate insulating film 21. That is, the gate
insulating film 21 is provided between the semiconductor
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layer 10 and the gate electrodes 20. As the gate insulating film
21 composition, for example, a silicon oxide film or a silicon
nitride film may be used. Also, as the gate insulating film 21,
for example, an aluminum nitride (AIN) film may be used.

As the gate electrode 20 material, for example, a conduc-
tive polycrystalline silicon film doped with dopants may be
used. As will be described below, as a material for the gate
electrodes 20, a material resistant to heat, for example, a
material which withstands aheat treatment of 800° C. or more
is preferable.

For example, the insulating film 30 includes a first layer 31
which covers the semiconductor layer 10 and partially covers
the gate electrodes 20, and a second layer 33 which is pro-
vided over the first layer 31. Further, the second portions 43 of
the FP electrodes 40 overlie a portion of the first layer 31, and
the FP electrodes 50 are provided on the outer surface of the
second layer 33.

The second layer 33 may be formed of the same material as
that of the first layer 31, or may be formed of a material
different from that of the first layer 31. Each of the first layer
31 and the second layer 33 may be formed of, for example, a
silicon oxide film or a silicon nitride film.

In the semiconductor device 1, a current flows between a
source and a drain through a depletion region induced at the
interface of the second semiconductor layer 15 and the third
semiconductor layer 17. Further, a current between a source
and a drain is controlled by applying a gate bias to a corre-
sponding gate electrode 20.

The FP electrodes 40 and the FP electrodes 50 control
electric fields between gates and the drains, thereby control-
ling a variation in the characteristics of the semiconductor
device 1. For example, the FP electrodes 40 and the FP elec-
trodes 50 reduce the concentration of an electric field induced
at the side of the gate electrode 20 positioned on the drain
electrode (70) side thereof, thereby suppressing a character-
istic variation attributable to surface charge between a gate
and a drain, that is, a so-called collapse. In the present
embodiment, since the two field plate electrodes 40 and 50 are
disposed between each gate electrode 20 and a corresponding
drain electrode 70, it is possible to more effectively suppress
undesired electric fields between gates and drains.

Subsequently, a configuration of a gate wiring 140, a
source wiring 160, and a drain wiring 170 which connect the
plurality of unit cells of the semiconductor device 1 will be
described with reference to FIG. 2. FIG. 2 schematically
illustrates individual wirings provided on the second surface
305 of the insulating film 30. As illustrated in FIG. 2, each of
the gate wiring 140 and the drain wiring 170 is provided in a
comb, i.e., interleaved, form.

The gate wiring 140 includes the plurality of FP electrodes
40, a gate wiring portion 40a which electrically connects the
plurality of FP electrodes 40 to one another, and a gate pad
405 which is connected to the gate wiring portion 40a. The FP
electrodes 40 extend in the Y-axis direction, such that the gate
electrodes 20 are located therebelow. For example, the gate
wiring portion 40a and the gate pad 405 are provided on the
second surface 3056 of the insulating film 30.

The drain wiring 170 includes the plurality of drain elec-
trodes 70, a drain wiring portion 70a which electrically con-
nects the plurality of drain electrodes 70 to one another, and a
drain pad 706 which is connected to the drain wiring portion
70qa. The drain electrodes 70 also extend in the Y-axis direc-
tion, and are connected to the drain wiring portion 70a. For
example, the drain wiring portion 70a and the drain pad 705
are provided on the second surface 305 of the insulating film
30.
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The gate wiring 140 and the drain wiring 170 are provided
such that the FP electrodes 40 and the drain electrodes 70 are
alternately positioned and thus interleaved in the X-axis
direction. The source wiring 160 is provided so as to weave
(extend) between the FP electrodes 40 and the drain elec-
trodes 70, and is disposed so as to surround the gate wiring
140 in the X-Y plane.

The source wiring 160 includes the source electrodes 60,
the FP electrodes 50, a source wiring portion 60a, and a
source pad 605 which is connected to the source wiring por-
tion 60a. That is, the FP electrodes 50 are electrically con-
nected to the source electrodes 60. Also, for example, the
source wiring portion 60a and the source pad 605 are pro-
vided on the second surface 305 of the insulating film 30.

The embodiment is not limited to the above described
example. For example, the FP electrodes 50 may be electri-
cally connected to the gate electrodes 20 through the FP
electrodes 40. Also, the FP electrodes 50 may be provided so
as not to overlap the FP electrodes 40. For example, the
individual wiring patterns illustrated in FIG. 2 do not intersect
with one another, and thus they may be formed in on by
deposition, lithography and etch sequence in a manufacturing
process. Therefore, it is possible to simplify the manufactur-
ing process, and thus it is possible to reduce the manufactur-
ing cost.

FIG. 3 is a cross-sectional view schematically illustrating a
semiconductor device 2 according to a modification of the
embodiment. The semiconductor device 2 is also, for
example, an electric power control FET using a nitride semi-
conductor as a material.

As illustrated in FIG. 3, in the semiconductor device 2,
each FP electrode 40 and a corresponding FP electrode 50 are
integrated into a single structure. That is, each FP electrode 40
includes a third portion 45 which extends over the upper
surface of the insulating film 40 and acts as a second field
plate electrode.

Each FP electrode 40 includes a first portion 41 which is in
contact with a corresponding gate electrode 20, a second
portion 43 which acts as a first field plate, and a third portion
45 which acts as a second field plate. The distance T, between
each second portion 43 and the semiconductor layer 10 is
shorter than the distance T, between each third portion 45 and
the semiconductor layer 10.

Again in this example, an insulating film 30 includes a first
layer 31 and a second layer 33. Further, the second portions 43
are provided on the first layer 31, and the third portions 45 are
provided on the second layer 33.

As in the semiconductor device 1, in the semiconductor
device 2, the second portions 43 and the third portions 45
control electric fields between gates and drains, thereby sup-
pressing a characteristic variation. Since the distance T,
between each third portion 45 and the semiconductor layer 10
is longer than the distance T, between each second portion 43
and the semiconductor layer 10, it is possible to gradually
alleviate concentration of an electric field on an end of the
gate electrode 20 positioned on the drain side. Therefore, it is
possible to effectively suppress a so-called collapse, for
example, a variation in current flowing between a gate and a
drain.

Subsequently, a method of manufacturing the semiconduc-
tor device 1 will be described with reference to FIGS. 4A to 6.

FIGS. 4A to 6 are cross-sectional views schematically
illustrating processes of manufacturing the semiconductor
device 1 according to the embodiment. In these drawings, the
semiconductor layer 10 is not illustrated.
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As illustrated in FIG. 4A, the gate insulating film 21 is
formed on a wafer including the semiconductor layer 10.
Thereafter, on the gate insulating film 21, the gate electrodes
20 are formed.

The gate insulating film 21 is, for example, a silicon oxide
film, and may be formed by an atomic layer deposition (ALD)
method.

The gate electrodes 20 are formed of, for example, poly-
crystalline silicon doped with dopants. For example, on the
gate insulating film 21, a polycrystalline silicon layer is
formed by a chemical vapor deposition (CVD) method. Sub-
sequently, an etch mask is formed on the polycrystalline
silicon layer by photolithography. Thereafter, the polycrys-
talline silicon layer is selectively etched, for example, by a
RIE method, whereby the gate electrodes 20 are formed.

Next, as illustrated in FIG. 4B, the first layer 31 of the
insulating film 30 is formed so as to cover the gate insulating
film 21 and the gate electrodes 20. The first layer 31 is, for
example, a silicon nitride film, and is formed by a plasma
CVD method.

Subsequently, on the first layer 31, the second layer 33 is
formed as illustrated in FIG. 4B. The second layer 33 is, for
example, a silicon oxide film, and may be formed by a TEOS-
CVD method.

Next, the gate insulating film 21, the first layer 31, and the
second layer 33 are thermally treated, whereby film qualities
thereof are improved. For example, after the insulating film
30 including the first layer 31 and the second layer 33 is
formed, the wafer is put in a heat-treating furnace and is
heated for a predetermined time. The temperature of the heat
treatment is, for example, 800° C. Therefore, it is possible to
bond dangling bonds in the insulating film 30 and the gate
insulating film 21. For example, hydrogen atoms are elimi-
nated from dangling bonds that are present in the films and
terminated by hydrogen atoms, and the dangling bonds are
bonded to other dangling bonds. Therefore, the structure of
the insulating film 30 is improved in density, and it is possible
to improve, for example, the dielectric voltage.

Next, in the first layer 31, openings 33a, 335, and 33c¢ are
formed as illustrated in FIG. 5A. The openings 33a are
formed at positions where the FP electrodes 40 will be
formed. The openings 335 are formed at positions where the
source electrodes 60 will be formed. The openings 33¢ are
formed at positions where the drain electrodes 70 will be
formed.

For example, the openings 33a, 335, and 33c¢ are formed
using a selective RIE method. That is, it is preferable to use a
condition for etching the second layer 33 without etching the
first layer 31. In this case, it is possible to easily form the
openings 33.

Next, the first layer 31 exposed at the bottoms of the open-
ings 33 is selectively etched as illustrated in FIG. 5B. In the
portions of the first layer 31 exposed at the bottoms of the
openings 33a, openings 31a are selectively formed to extend
to the gate electrodes 20. Also, the first layer 31 exposed at the
bottoms of the openings 336 and the openings 33c is etched,
whereby openings 315 and 31c¢ are formed to extend to the
semiconductor layer 10.

Next, as illustrated in FIG. 6, within the openings 31a and
33a, the FP electrodes 40 are formed, and within the openings
315 and 335, the source electrodes 60 are formed, and within
the openings 31c¢ and 33c¢, the drain electrodes 70 are formed,
and on the second layer 33, the FP electrodes 50 are formed.
As a result, the semiconductor device 1 is completed.

For example, a conductive film may be formed by depos-
iting a titanium nitride (TiN) film to cover the inner surfaces
of'the openings 31a to 31c, the inner surfaces of the openings
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33a 1o 33c¢, and the second surface 306 of the insulating film
30, and forming a tungsten (W) film on the TiN film, and then
selectively etching the tungsten film overlying the insulating
film 30 into the individual electrodes. For example, if the
wiring pattern of the semiconductor device 1 are as illustrated
in FIG. 2, the individual electrodes may be formed simulta-
neously by photolithographic patterning of the tungsten layer
followed by etching thereof.

As described above, the semiconductor device 1 according
to the present embodiment may be manufactured by a simple
manufacturing process, and it is possible to reduce the manu-
facturing cost thereof. Also, since a material resistant to heat,
here doped polysilicon, is used for the gate electrodes 20, it is
possible to perform heat treatment after forming the insulat-
ing film 30. Therefore, it is possible to improve the insulating
film 30 density, and to improve the dielectric breakdown
strength of the insulating film 30 after the gate electrodes are
formed.

For example, a method of forming the first layer 31, form-
ing the first field plate electrodes thereon, and forming the
second layer 33 thereon may also be considered. However,
according to this method, the insulating film 30 contains the
first field plate electrodes therein. For this reason, in a case of
using a metal where the first field plate electrodes are a metal
such as tungsten, the temperature of a heat treatment on the
insulating film 30 is restricted to a lower temperature. That is,
in order to suppress thermal stresses attributable to deterio-
ration of the metal or a difference in coefficient of thermal
expansion between the metal and the insulating film 30 during
the raising and lowering of the device to and from the anneal-
ing temperature, it is necessary to lower the temperature of the
heat treatment. Also, a method of using polycrystalline sili-
con for the first field plate electrodes, and annealing after
forming the field plate electrodes, may also be employed.
However, since polycrystalline silicon has electrical conduc-
tivity lower than that of metals, the gate resistance is result-
antly increased.

In contrast, in the present embodiment, because the insu-
lating film. 30 is thermally treated at a high temperature, it is
possible to improve the quality of the insulating film 30, and
to increase the dielectric breakdown strength thereof, and
thus the dielectric breakdown voltage of the device. Also, as
it is possible to use metal for the FP electrodes 40, the result-
ing gate resistance is lowered.

As described above, the semiconductor device 1 includes
the insulating film 30 having improved quality, and the first
and second field plate electrodes 40 and 50 formed on the
insulating film 30. Therefore, it is possible to improve the
characteristics and reliability of the semiconductor device 1.

The insulating film 30 is not limited to the above described
two-layer structure, and may be, for example, a single layer
film. Also, the semiconductor layer 10 is not limited to a
nitride semiconductor, and may use any other wide-gap semi-
conductor such as SiC.

Also, in this disclosure, the term “nitride semiconductor”
includes group III-V compound semiconductors of B In-
JALGa, ., N (wherein O=x=<1, O<y=<1, O<z<l, and O=x+y+
z=1), and also includes mixed crystal containing nitrogen
(N), phosphorous (P), arsenic (As), or the like as a group V
element. Further, the term “nitride semiconductor” includes
group I1I-V compound semiconductors or mixed crystal fur-
ther containing a variety of added elements for controlling a
variety of physical properties such as a conductivity type, and
group I1I-V compound semiconductors or mixed crystal fur-
ther containing a variety of unintended elements.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
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and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:
1. A method of making a semiconductor device, compris-
ing:

providing a substrate;

forming a gate insulating layer on a surface of the substrate;

forming a plurality of gate electrodes on the gate insulating
layer;

forming, by chemical vapor deposition, an insulating film
overlying the gate electrodes and gate insulating layer;

annealing the substrate having the gate electrodes and gate
insulating layer film formed thereon at a temperature
sufficient to increase the dielectric breakdown strength
thereof;

etching source electrode openings, drain electrode open-
ings, and field plate electrode openings partially
inwardly of the insulating layer, the field plate electrode
opening overlying the gate electrode and extending
therefrom in the direction of the drain electrode open-
ings;

etching the source and the drain electrode openings
through a remaining insulating film thickness and the
gate insulating layer to the substrate, while simulta-
neously etching only that portion of the remaining insu-
lating film thickness in the field plate electrode opening
at a location which overlies the gate electrode through
the remaining insulating film to the gate electrode;

simultaneously depositing metal into the source, drain, and
field plate electrode openings, and over a surface of the
remaining insulating film to form a metal layer; and

pattern etching the metal layer overlying the remaining
insulating film to isolate source electrodes in the source
electrode openings, first field plate electrodes in the field
plate electrode openings and drain electrodes in the
drain electrode openings from one another.

2. The method of claim 1, further comprising:

during the pattern etching of the metal layer overlying the
remaining insulating film, simultaneously pattern etch-
ing the metal layer film to form second field plate elec-
trodes on the surface of the remaining insulating film
between the drain electrodes and the first field plate
electrodes.

3. The method of claim 1, further comprising:

during the pattern etching of the metal layer overlying the
remaining insulating film, simultaneously pattern etch-
ing the metal layer film to provide an interconnect on the
outer surface of the gate insulating layer to interconnect
the source electrodes with one another.

4. The method of claim 3, further comprising:

during the pattern etching of the metal layer overlying the
remaining insulating film, simultaneously pattern etch-
ing the metal layer film to provide an interconnect on the
outer surface of the gate insulating layer to interconnect
the drain electrodes with one another.

5. The method of claim 4, further comprising:

during the pattern etching of the metal layer overlying the
remaining insulating film, simultaneously pattern etch-
ing the metal layer film to provide an interconnect on the
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outer surface of the gate insulating layer to interconnect
the first field plate electrodes with one another.

6. The method of claim 5, wherein the interconnection of
the first field plate electrodes, the interconnection of the
source electrodes, and the interconnection of the drain elec-
trodes are all isolated from one another.

7. The method of claim 6, wherein the source and drain
electrodes extend parallel and are interleaved with respect to
one another, and the first field plate electrodes and an inter-
connection of second field plate electrodes forms a continu-
ous metal structure which is interwoven between the source
and drain electrodes.
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